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1.1 Suicide - A Global Health Burden
Almost one million people die by suicide every year, according to WHO estimates. By 2020,
deliberate lethal acts are expected to contribute to 2% of the global burden of disease, ranking
among the leading causes of death worldwide (WHO 2012). Thus, suicide represents a major
challenge for health systems. Pointing out its urgency, the UN dened the reduction of suicide
mortality as one of the target indicators in order to reach the sustainable development goals for
2030 (UN 2018). The situation is particularly severe in Europe, which exhibited the second highest
suicide rate across all WHO global regions with 12.84 deaths per 100, 000 individuals in 2016
(WHO 2018). With regard to these numbers, taking action to avoid suicide has been acknowledged
as one of the ve priorities to improve European mental health by the European commission (EU
2008, 2017).
1.2 Risk Factors and Etiology of Suicide
Generally, suicidal behavior is driven by a wide range of factors that encompasses sociodemo-
graphic and cultural characteristics at the population level as well as the behavioral traits of
individuals: A common etiological explanation of suicidality relies on the distinction between
precipitating and predisposing determinants (Turecki & Brent 2016). According to the integrated
motivational-volitional model (IMV; O’Connor 2011; O’Connor & Kirtley 2018), suicidal behav-
ior itself is classied into suicide ideations and lethal or non lethal suicide acts. The IMV further
assumes that precipitants are required for the formation of suicide ideations. Precipitants are
thought of as the socioeconomic environment (Platt 2016) and genetic characteristics (Turecki
2014) of individuals as well as traumatic life events such as physical (Scott et al. 2010; Webb et al.
2012; Bolton et al. 2015) or psychological abuse (Stein et al. 2010; Liu & Miller 2014). In common,
these factors are assumed to render individuals more likely to experience suicidal ideations. Pre-
disposing factors on the other hand are supposed to exist in individual behavioral traits that favor
transitions to suicidal acts, ideations being given. For instance, personality traits increasing the
likelihood of suicidal acts are represented by poor problem solving and coping skills (Pollock &




In order to achieve a lasting reduction in suicide numbers, systematic prevention is essential. For
this reason, dening appropriate strategies has become a major concern for public health insti-
tutions. As it has been successfully demonstrated by intervention programs like the European
Alliance Against Depression (Hegerl et al. 2009, 2010), a promising approach towards prevention
exists in combining dierent measures intervening at dierent stages of the pathway that ulti-
mately leads to suicide: whereas primary prevention aims at avoiding any kind of suicidal behav-
ior beforehand by removing known precipitating factors and promoting protective measures in
the general population, secondary prevention seeks to determine subpopulations with increased
risks (Mann et al. 2005). Measures of tertiary prevention interfere in order to inhibit apparent
suicidal behaviors in individuals turning into completed suicides. For example, such measures
exist in psycho- and pharmacotherapeutical interventions (Wasserman et al. 2012).
A thorough investigation of the factors precipitating suicide is crucial in light of scarce health-
care budgets: the knowledge of these factors helps to identify populations at risk and thereby
facilitates the precise denition of primary and secondary suicide prevention strategies. This is
pivotal for the most ecient allocation of resources as it contributes to lessen the need for mea-
sures of tertiary prevention.
1.4 Social Disparities in Suicide
1.4.1 Socioeconomic Status
Regarding precipitating factors, socioeconomic status (SES) has been attributed to health inequal-
ities since the very beginning of epidemiological research (Virchow 1848; Antonovsky 1967). Em-
pirically, socioeconomic gradients have been extensively documented for physical as well as men-
tal health (Marmot 2005) and constitute a major public health challenge, which equally aects all
areas of health (Mackenbach et al. 2006, 2008). Throughout the past three decades, gaps in health
inequalities have further widened in Europe despite the eorts undertaken by policy makers in
most European countries (Mackenbach et al. 2018). A large body of literature emphasizes that
socioeconomic disparities also account for considerable variances in suicide risks. Being unem-
ployed, for example, has been shown to be linked to suicide as comprehensive literature reviews
illustrate (Platt 1984; Platt & Hawton 2000). Existing associations remain robust even after con-
trolling for other SES indicators as potential confounders (Lewis & Sloggett 1998). Further evi-
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dence of relations between SES and suicidality consists in results of studies that employ income
as a further SES indicator: Hiyoshi et al. (2018) conducted a cohort study based on Swedish reg-
ister data incorporating individual level indices of income inequalities and observed signicant
increases in suicide rates. These results correspond with the ndings of Qin et al. (2003) and Pan
et al. (2013). Concerning occupational classes as yet another widely used measure of SES, the em-
pirical evidence provided by several studies points out an inverse relationship with suicide risks
(Platt 2016): in a longitudinal study based on census and death records, Mäki and Martikainen
(2007) revealed suicide to occur signicantly more often among manual workers as opposed to
non-manual workers with higher occupational status. Comparable results were observed by Kim
et al. (2006) and Milner et al. (2014). Employing measures of social classes dened by occupa-
tional skills, a systematic review by Milner et al. (2013) unveiled a decline in associated suicide
risks from the lowest to the second most skilled occupations. Links of suicide and socioeconomic
position were also established using education as a measure of SES: former ndings of negative
correlations between educational levels and risks of suicide were validated in two meta-analyses
conducted by Li et al. (2011) and Lorant et al. (2005).
1.4.2 Social Isolation
A further indicator of socioeconomic health disparities which has recently received increased
attention is social isolation (SI). Social relationships have earlier been suggested as a determinant
aecting a broad range of health outcomes by Cassel (1976) and Cobb (1976). A literature review
of subsequent prospective studies showed that SI represents a signicant risk factor for elevated
morbidity and mortality. These observations are further conrmed by two more recent literature
reviews (Holt-Lunstad et al. 2010, 2015).
Generally, SI can be identied with regard to low social network quality. Following Lin (2001),
network ties are required for the acquisition of resources mandatory for the achievement of indi-
vidual life goals. Network quality means the scale to which existing ties provide these resources.
Because few ties potentially supply sucient resources, social network quality and (tie) quantity
are not necessarily correlated. 1
In the absence of a common measurement denition, present studies investigating the impact
of social relationships on suicidality report eects of SI proxies such as marital status and housing
situation. Agerbo et al. (2007) found a relation between increased risks of suicide and living alone
1For an extensive discussion of the relationship between social networks and health, see Berkman et al. (2000).
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as well as being divorced after controlling for socioeconomic factors. In a record-linkage study
conducted in Northern Ireland, O’Reilly et al. (2008) found that single marital status, small house-
hold sizes and SES measures aect suicide risks on individual levels. Regarding marital status,
these results are veried by a meta-regression of 36 studies, which revealed aggregated higher
suicide risks for non-married as compared to married persons (Kyung-Sook et al. 2018). Also,
being divorced turned out to be associated with signicantly higher suicide risks as opposed to
being married (Stack & Scoureld 2015). SI is also proxied by recent relocations. These have detri-
mental eects on social network structures and are thus correlated with high levels of SI (Sluzki
1992). Correspondingly, residential mobility during adolescence is associated with increased risks
of attempted and completed suicides (Qin et al. 2009). Haynie et al. (2006) validate these ndings
for female individuals, though they fail to replicate these ndings for males. Suicide risks further-
more increase among elderly individuals with residential changes (Alexopoulos 2005). To date,
there are no studies available that systematically examine the eects of relocations on suicidality
at middle ages, however.
1.4.3 Health Inequalities and Health Inequities
In conclusion, the compelling evidence on socioeconomic disparities in suicidality warrants fur-
ther research in order to dene appropriate policies for their reduction. It needs to be considered,
however, that corresponding interventions rest on normative assumptions. The notion of "health
inequalities" or "disparities" is closely related to the concept of health inequity. Whereas health
equality means the absence of quantitative dierences in a given health outcome between in-
dividuals or populations, the term "health equity" refers such health disparities to a normative
evaluation. The ethical foundation for policies against health disparities implies that health in-
equalities are only acceptable if they exist due to free individual health decisions (Adler et al.
2016), for instance: converging evidence indicates that chances for good health are restricted to
the socioeconomic environment of individuals, which in particular impacts on life courses at very
early stages (Marmot et al. 2008). Thus, health choices are not entirely free. It is consequently
assumed that measures against health disparities need to be taken because "the conditions that
need to be met for regarding health inequalities as fair are, in fact, extremely stringent" (Kawachi
et al. 2002).
From a societal perspective, identifying gaps in health equality is also essential in terms of
equally distributed growth and development. Conditions of poor health impose high burdens on
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economies not only through the direct costs associated with diagnosis and therapy but a also
through the indirect costs that result from income and productivity losses due to absence from
work, early retirements, disability and mortality – inter alia caused by suicides (Bloom et al. 2012;
Gustavsson et al. 2011; Trautmann et al. 2016). Concerning mental disorders, Trautmann et al.
(2016) project the associated worldwide cumulative economic output loss to be higher than the
losses caused by diabetes, chronic respiratory diseases or cancer and equal to those associated with
cardiovascular diseases in 2030. Findings from research on individual-level economic outcomes
of poor health further complement the evidence on health-related societal burdens. In accordance
with similar ndings across a large range of disease groups (Bor et al. 2017), mental health con-
ditions reduce individual economic productivity (Lim et al. 2000; Goetzel et al. 2003; Parker et al.
2009) and cause considerably lower household and family incomes in developed countries (Sturm
& Gresenz 2002; Kawakami et al. 2012). Poor mental health also severely impairs educational
attainment (Kessler et al. 1995; Fergusson & Woodward 2002). The need to take action against
health inequalities for ethic and economic reasons has been addressed in the WHO’s Rio Political
declaration on the social determinants of health (WHO 2011) and been rearmed in the WHO’s
13th General Program of Work 2019 – 2023 (WHO 2018).
1.4.4 Causation and Selection
Apart from research results based on designs that allow the estimation of causal eects, it needs
to be taken into account that existing associations of SES and suicidal behavior allow for causal-
ity in both directions. The largest part of suicides is preceded by psychiatric disorders (Chesney
et al. 2014; Ferrari et al. 2014). While mental illness determines lower SES, lower SES may also
lead to poor mental health conditions. This has led to the formulation of two distinct theoretical
concepts: the social causation hypothesis of psychopathology posits that low SES is accompa-
nied by high burdens of psychosocial stress, which in turn triggers mental illness and thereby
increases suicide risks. The social selection hypothesis on the contrary rests on the assumption
that individuals experiencing mental illness drift downwards in terms of SES and fail to escape
low status positions (Dohrenwend et al. 1992; Mossakowski 2014; Patel et al. 2018). Following
this line of reasoning, suicide would be associated with lower SES because the aicted individu-
als lost higher SES positions due to mental illness before the suicidal event. Obviously, regarding
completed suicides, selection eects other than those of such possible confounders of suicidality
cannot be tested empirically.
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There exists evidence from longitudinal studies supporting both, selection into low socioeco-
nomic positions due to mental disorders as well as the social causation of psychiatric disorders
and suicide. As an example in favor of the selection hypothesis, McLeod and Kaiser (2004) in-
vestigated educational outcomes in a US study and found a signicantly reduced likelihood of
emotional distress at early ages to signicantly reduce the likelihood of completing high school
or visiting a college. A further conrmation of mental illness-induced social selection is provided
by Breslau et al. (2008) who assessed eects of early-onset psychiatric conditions on early school
termination. Controlling for childhood adversities and SES, their study revealed signicant asso-
ciations of mental disorders with subsequent drop-outs prior to graduation across dierent kinds
of schools, ranging from high school and college to university. Accounting for backward cau-
sation, the study by Mousteri et al. (2019) revealed adolescent psychiatric conditions to result in
adult unemployment. This result is further supported by Chatterji et al. (2011) and Banerjee et al.
(2017) who observed individuals with current psychiatric diagnoses being less likely to be actively
engaged in the labor market using an instrumental variable approach in order to rule out reverse
causality. Moreover, persistent reductions in adult incomes are linked to mental distress experi-
enced during childhood and adolescence (Goodman et al. 2011; Evensen et al. 2017; Butterworth
et al. 2012).
There also exists evidence on mental health outcomes that corroborates the social causation
hypothesis. For example, Johnson et al. (1999) conducted a longitudinal community based survey
including 736 U.S. families from 1973 to 1993. Their results revealed associations of low family
education levels, parental occupational status and incomes in childhood with adult depression
disorders. In another study, Power et al. (2002) analyzed data from the 1958 British birth cohort
over three decades. Childhood material circumstances, education and parental social class turned
out to aect degrees of depression, anxiety and psychosomatic symptoms of men and women at
the age of 33. Further studies conrm these ndings (Miech et al. 1999; Gilman et al. 2002; Costello
et al. 2003; Wadsworth & Achenbach 2005; Stansfeld et al. 2011; McLaughlin et al. 2011; Melchior
et al. 2013). Low adolescence SES is found to increase the risk of psychopathology in adulthood,
too (Huurre et al. 2005; Zimmerman & Katon 2005; Walsh et al. 2012).
Regarding a possible social causation of suicide, poor mental health may act as an interme-
diary variable between SES and suicidal behaviour (e.g. Hudson 2005). This proposition receives
support by the ndings of Blakely et al. (2003). In their study assessing associations of labour
force participation and socioeconomic position with suicide deaths among New Zealand census
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respondents, the authors demonstrated mental illness to largely mediate increased suicide risks
due to prior job losses. Corresponding to these observations, Milner et al. (2014) conducted a
systematic meta-analysis of the existing literature and reported the relative suicide risks asso-
ciated with unemployment to decline after controlling for mental health. Evidence regarding a
social causation of suicide other than unemployment is missing. To the author’s knowledge there
are no studies available that assess the causal eects of SES measures as education or income on
suicide risks, aside from research merely reporting associations of SES and Suicide.
Concerning correlations of SI with mental illness and suicide, the direction of causality needs
to be accounted for as well. It is well known from research and clinical contexts that, due to im-
pairments in social functioning, individuals encounter declines in quality of their personal social
networks while experiencing acute or chronic mental illness (Kupferberg et al. 2016). SI is af-
fected by mental health. Hence, associations between outcomes of mental health and SI levels are
potentially caused by social selection. Since completed suicide cannot lead to selection eects,
also interpretations of relations of SI with suicidality need to take account of mental illness as
a confounding factor. As far as the author is informed, there are no previous studies available,
however, that separate social selection from social causation outcomes by employing designs that
allow the estimation of causal eects of SI on suicidal behavior.
1.4.5 Individual Life Courses
Overall, the literature on the social causation or selection of health gradients shows ambiguous
results across the boundaries of various scientic disciplines. Common empirical support is found
for both hypotheses, as it is conrmed by a recent meta-analysis (Kröger et al. 2015). A possible
explanation for these ndings arises from a life course perspective on the interactions between
socioeconomic environment and health. According to this approach, disease and mortality risks at
adult age are the endpoints of a lifelong process of interactions between biological traits, behavior
and socioeconomic surroundings of individuals (Ben-Shlomo & Kuh 2002; Kuh et al. 2003).
A major advantage of the life course perspective is that its long-term approach towards the
investigation of health disparities allows to determine the order of events in time. Because this
makes it possible to identify the direction of causal eects, mechanisms of social selection can
be separated from mechanisms of social causation in the formation of health inequalities. This
additionally permits to assess the relative importance of selection and causation and their changes
over dierent stages of life (Homann et al. 2019). With regard to mental health outcomes, it can
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be reasoned that social selection predominantly explains associations with SES during early life
and adolescence while social causation links SES with psychiatric disorders at adult ages. High
childhood stress levels that result from low childhood SES set up a trajectory that, in turn, impedes
status attainment (Diewald et al. 2015; Shanahan 2013). As a consequence, low adult SES may in
turn further aect mental health (Adler et al. 2012) and suicidality.
There exists some evidence in favor of this proposition. Long term eects of childhood SES
on mental health outcomes are mediated by SES levels at adult age (Mossakowski 2008; Mckenzie
et al. 2010). Further support is also provided by the works of Quesnel-Vallée and Taylor (2012).
The authors estimated growth curve models in order to estimate the direct and indirect pathways
linking childhood SES to adult psychopathology. Besides a mediation of early SES eects by adult
education, the authors showed parental education to aect ospring educational levels. Income
was found to largely alleviate the inuences of adult educational levels on psychological distress.
As the authors suggest, increased risks of depressive illness may therefore originate from low
parental SES leading to poor ospring education and further to low incomes and job positions.
These again may aect mental health outcomes in the most vulnerable individuals. The results
from research on suicide rates are consistent with this. Kristensen et al. (2010) linked suicide
deaths among all Norwegian male live births between 1967 and 1971 to register data and observed
low educational levels at the age of 28 years to moderate the eects of parental education on
suicide risks. Similar results are presented by Kosidou et al. (2014) who found eects of school
performance at adolescence on suicide attempts to be attenuated by socioeconomic conditions at
adult age.
1.5 Stress and Diathesis
The formation of social selection throughout the life course is explained by the fact that the cog-
nitive impairments associated with mental illness compromise the acquisition of educational and
professional qualications (Slominski et al. 2011). However, the ndings from life course research
do not explain how exposure to a given socioeconomic environment translates into mental illness
and suicide, even if they suggest possible pathways ultimately leading to suicidality. Rather, ex-
plaining mechanisms can be delineated from a diathesis-stress-approach, which also represents
the theoretical background of the IMV model of suicidal behavior (O’Connor & Kirtley 2018). The
diathesis-stress-model rests upon the assumption that suicidality and preceding mental illness is
more likely to occur in predisposed individuals. Increased suicide risks are postulated to emerge
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from the interactions between living conditions and individual susceptibilities (O’Connor & Nock
2014; Mann & Currier 2016). While such vulnerabilities are supposed to exist in genetically and
epigenetically determined neurobiological traits, external stressors arising from socioeconomic
environments are thought of as the signicant triggers that aect individual diatheses such that
psychiatric conditions and suicidal behavior become more likely in respective subjects.
1.5.1 Critical Life Events
A commonly accepted denition describes external stressors as environmental demands that are
consensually perceived as being threatening or harmful (Cohen et al. 1983; Epel et al. 2018). Ex-
posure to recent stressors represents a major risk factor for depression and predicts the onset and
recurrence of its clinical symptoms (Kendler et al. 2000; Slavich & Irwin 2014; Cohen et al. 2019).
Likewise, suicidal behavior is also more likely to appear in subjects experiencing life events ac-
companied by severe stress (Brodsky & Stanley 2001; Bruaerts et al. 2010; Krysinska & Lester
2010). While this holds true for the occurrence of several critical events throughout the life course
of individuals, various studies demonstrated that even single incidents lead to increased suicidal-
ity (Beautrais et al. 1997; Cleary 2000; Cougle et al. 2009; Flannery et al. 2001; Lemaire & Graham
2011). The extent to which sudden stressful events possibly trigger mental illness and suicidal acts
depends on their intensity, duration, imminence of harm and possible controllability (Lazarus &
Folkman 1984; Cohen et al. 2016).
1.6 Neurobiological Correlates of Suicidality
Several observations from family studies conrm the hypothesis that individual susceptibilities to
suicidal behavior are determined by genetic factors (Wasserman et al. 2009). Variations in genetic
polymorphisms are thought of to account for interindividual dierences in resilience towards ex-
ternal stressors as it has been formulated in the diathesis-stress-model (Wasserman et al. 2009).
Well established evidence identies the gene loci controlling the expression of the hypothalamic-
pituitary-adrenocortical (HPA) system as pivotal stress-related factors contributing to suicidal
behavior (GR, NR3C1, SKA2, FKBP5, CRHR; Mann & Currier 2016; Melhem et al. 2017). The HPA
axis integrates information from the central nervous system into peripheral endocrinological re-
sponses. It represents the main biological mechanism that maintains the adaptation of the human
allostatic system to stressors resulting from adverse life events or socioeconomic environments
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(Danese & McEwen 2012).2 As previous evidence shows, environmental stress potentially induces
neuroplasticity alterations in the limbic (Watanabe et al. 1992; Magariños et al. 1996; Vyas et al.
2002; Mitra et al. 2005; Vyas et al. 2006; Mirescu & Gould 2006) and medial prefrontal (Wellman
2001; Radley et al. 2004, 2006, 2008) brain areas, leading to altered HPA activity levels (Surget et
al. 2011; Anacker & Pariante 2012; Turecki et al. 2012). Associations of HPA hypo- and hyper-
activity and increased risks of completed suicide have been observed in prospective studies on
individuals suering from mental illness (Mann et al. 2006; Mann & Currier 2007; Jokinen et al.
2010). The precise conditions under which specic HPA activity levels lead to suicidal behavior
remain unclear, however.
1.6.1 Neurobiological Correlates of SES and SI
With regard to the eects of SES and SI on mental health and elevated suicide risks, it is argued
that these are accompanied by psychosocial stress. Especially the stressors that come along with
early life adversity are thought to cause lasting neuroplasticity alterations. These, in turn, render
individuals with a history of exposure more vulnerable to environmental stressors in adult life
(McEwen 2012). Research ndings support these propositions: generally, adult humans who ex-
perienced childhood trauma show HPA axis perturbations (Heim et al. 2008). Concerning socioe-
conomic adversities, greater hair cortisol levels have been observed as a measure of HPA activity
in adolescents with low childhood SES, for example (Vliegenthart et al. 2016). Also greater HPA
reactivity to external stressors was found to be related to socioeconomic disadvantages (Hackman
et al. 2012). There is evidence, however, that stress emerging from low SES is also associated with
lower HPA activity (Badanes et al. 2011), too. Thus, although specic mechanisms are not known,
low SES is linked to some kind of altered HPA regulation (Ursache & Noble 2016). Also current
SES at adult age is related to HPA axis activity as observations from cross-sectional research in-
dicate (Cohen et al. 2006; Kumari et al. 2010). The causal direction of these eects can not be
identied given the design of these studies, though.
Comparable observations have been made regarding the repercussions of SI on the HPA sys-
tem. Koss et al. (2014, 2016) compared adopted children with a prior history of SI in orphanages to
same-aged non-adopted peers and found signs of blunted HPA reactivity two years after adoption.
Alterations in HPA persist even 20 years after severe social deprivation (Kumsta et al. 2017) and
are related to mood and anxiety disorders (Sonuga-Barke et al. 2017). While these results suggest




an early programming of the HPA axis rendering individuals more vulnerable to external stres-
sors in adult life, evidence of how concurrent SI levels aect HPA activity in humans is scarce.
Findings in rodents suggest that SI directly increases basal HPA axis activity (Weiss et al. 2004;
Pisu et al. 2016).
1.7 SES, SI and Social Support
With regard to elevated risks of death by suicide, there exists widespread support in the empirical
and theoretical literature that social support acts as a protective factor (Kleiman & Liu 2013).
According to a commonly accepted denition, social support is characterized by the provision
of informational (i.e., giving advice to solve problems), instrumental (i.e., behavioral or material
assistance in solving problems) as well as emotional (i.e., sympathy and understanding) resources
(House 1985). Social support decreases the lifetime likelihood of suicide attempts (Kleiman &
Liu 2013). As two further studies indicate, social support increases the resiliency against suicide
particularly in the presence of stressful life events (Meadows et al. 2005; Yang & Clum 1994).
While experiencing adversity, a sucient quality of the aicted individuals’ networks is cru-
cial for receiving supportive measures. Low social network quality interferes with the provision of
social support. Hence, socially isolated individuals possibly suer from more pronounced eects
of distress resulting from low SES.
1.8 Aims of the Thesis
As shown above, it is essential to further investigate the interactions of individual genetic predis-
positions with socioeconomic environments over time in order to fully understand the etiology
of suicidal behavior. For the denition of prevention strategies however, associations of contem-
porary SES and SI suce to identify populations at risk. Because evidence is lacking in Germany,
the aim of the present study is to nd intervention points based on potential relations of socioe-
conomic characteristics with suicide. It follows from sections 1.4, 1.5 and 1.6 that acute stress
emanating from low SES and SI is possibly linked to increased suicide risks in individuals that are
predisposed due to genetic traits and life course adversities. Since German privacy policies do not
allow to test the eects of SES and SI on individual level suicide risks, the following hypotheses
were tested with regard to district level outcomes:




Hypothesis II: Higher individual SI-levels are associated with higher district suicide
rates.
It further follows from section 1.7 that predisposed individuals experiencing SI conceivably
show more distinct reactions to stress originating from low current SES because SI impairs the
provision of social support, which acts as a protective factor against suicidality. Suicide risks in
these individuals may be increased due to interactions of SI with SES. Hence, also the following
hypothesis was tested:
Hypothesis III: Lower levels of SES in individuals with higher levels of SI are linked
to higher district suicide rates.
1.9 Methods
The hypotheses above were tested by utilizing the ocial German death record edited by the Fed-
eral Statistical Oce (DESTATIS). The dataset lists all yearly German deaths by cause as coded
by the ICD system (WHO 1976, 1992). Corresponding to ICD 9 categories E950 - E959 for 1997
and ICD 10 codes X60 - X84 from 1998 to 2010, all German suicide cases between 1997 and 1998
were used in order to calculate yearly age- and gender adjusted suicide rates for N = 390 Ger-
man administrative districts. In a second step of the analysis, the data were merged with T = 14
annual cross-sections of the ocial German Microcensus resulting in a longitudinal dataset with
N × T = 5460 district observations. The Microcensus data, as edited by the federal statistical
oce (DESTATIS), are collected by means of the largest German household survey and include
a large selection of individual-level socioeconomic indicators. These indicators were employed
to construct internationally comparable measures of two distinct SES dimensions: Educational
attainment was operationalized by the "CASMIN"-scoring approach developed by König et al.
(1988). Occupational status was captured utilizing the "International Socio-Economic-Index of
Occupational Status (ISEI)" (Ganzeboom & Treiman 1996). Because they are not represented by
the ISEI index, indicators of minor employment and unemployment were included in the anal-
yses. Other crucial SES components were taken account of by utilizing measures of household
income, received public transfers and dependency on social benets due to unemployment. In
compliance with the proxies applied in current research, SI was captured by three Microcensus
12
1 Introduction
variables recording living in a one-person-household, single marital status and a possible reloca-
tion throughout the year before the survey was conducted.
Federal regulations of data protection only permit district level analyses of suicide rates in
Germany. SES and SI measures are available as individual level data, however. Thus, a statistical
model was chosen that allows for the analysis of district level outcomes while it correctly species
the functional form of eects by exploiting the additional information contained in the individual
level explaining variables (Prentice & Sheppard 1995). The applied method further ensures that
dierences in district base line suicide rates in time and between districts as well as correlations
of eects among neighboring districts do not distort the estimation results. The present study
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Suicide represents a major challenge to public mental health. In order to provide empirical 
evidence for prevention strategies, we hypothesized current levels of low socioeconomic 
status (SES) and high social isolation (SI) to be linked to increased suicide rates in N = 390 
administrative districts since SES and SI are associated with mental illness. Effects of SES on 
suicide rates were further expected to be especially pronounced in districts with individuals 
showing high SI levels as SI reduces the reception of social support and moderates the 
impact of low SES on poor mental health. We linked German Microcensus data to register 
data on all 149,033 German suicides between 1997 and 2010 and estimated Prentice and 
Sheppard’s model for aggregate data to test the hypotheses, accounting for spatial effect 
correlations. The findings reveal increases in district suicide rates by 1.20% (p < 0.035) for 
1% increases of district unemployment, suicide rate decreases of −0.39% (p < 0.028) for 1% 
increases in incomes, increases of 1.65% (p < 0.033) in suicides for 1% increases in one-
person-households and increases in suicide rates of 0.54% (p < 0.036) for 1% decreases 
in single persons’ incomes as well as suicide rate increases of 3.52% (p < 0.000) for 1% 
increases in CASMIN scores of individuals who moved throughout the year preceding 
suicide. The results represent appropriate starting points for the development of suicide 
prevention strategies. For the definition of more precise measures, future work should focus 
on the causal mechanisms resulting in suicidality incorporating individual level data.
Keywords: suicide, public mental health, social determinants, prevention, socioeconomic status, social isolation
INTRODUCTION
Suicide constitutes a substantial public health problem: In Europe, the local age-adjusted numbers 
amounted to 12.84 deaths per 100,000 individuals in 2016, according to WHO data (1). This 
constitutes the second highest suicide rate across all WHO global regions. In order to improve 
the situation, suicide prevention has been given highest priority on the agenda of the European 
Abbreviations: CASMIN, Comparative Analyzes of Social Mobility in Industrial Nations; FE, Fixed Effects (Model); ICD, 
International Classification of Diseases; ISEI, International Socio-Economic-Index of Occupational Status; LSDVC, Corrected 
Least Squares Dummy Variable (Model); RE, Random Effects (Model); SEM, Spatial Error Model; SES, Socioeconomic Status; 
SI, Social Isolation; WHO, World Health Organization.
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Comission (2). In addition to this, the reduction of suicide 
mortality has been defined as one of the target 3.4 indicators of 
the United Nations’ sustainable development goals for 2030 (3).
With regard to prevention, it is of particular significance 
that sociodemographic characteristics mediate suicide risks: A 
systematic review of population level studies revealed associations 
of poverty and suicide rates (4). According to recent studies (5, 
6) increases in suicide rates are linked to rising unemployment 
rates. Moreover, there exists evidence for an inverse relationship 
between social cohesion and suicide (7–9). Adding to these 
findings, the aim of this study is to provide empirical evidence 
on potential associations of individual level indicators of 
socioeconomic status (SES) and social isolation (SI) with district 
suicide rates. While suicide itself is a complex phenomenon 
determined by genetic, cultural and behavioral factors (10, 11), 
such associations help to identify populations at risk.
Concerning suicide risks linked to SES, a meta-analysis by Li 
et al. (12) found the highest relative and population attributable 
risks of committing suicide for males in low ranked occupational 
classes and for persons with low educational achievement. 
Among women, relative risk ratios and population attributable 
risks were highest for unemployed individuals and individuals 
with low education. Regarding relations of education and suicide, 
suicides were also 2.12 times more often observed in the lowest 
educational group as compared to individuals with the highest 
educational levels across 35 countries in a study combining 
census and mortality register data (13). Unemployment turned 
out to be associated with suicide in a more recent meta-analysis 
(14). Relative risks of these associations were reduced after 
controlling for prior mental health. Financial strain, as captured 
by a family income to poverty threshold ratio has been found 
to be positively related to suicide attempts and ideations in a 
household survey among U.S. adults (15). As further crucial 
measures of SES, income-based indicators of individual level 
inequalities were positively related to suicide risks among both 
genders in a longitudinal study incorporating official Swedish 
mortality data (16).
In contrast to these results, several studies yielded less conclusive 
findings. While the most recent meta-analysis revealed positive 
associations of suicide with low education and unemployment, 
the authors regard these as not clinically significant due to 
small effect sizes (17). Overall, the study concluded that the 
results warrant further research on the effects of demographics 
on suicidal behavior. Among Malaysian in-patients, low social 
class predicted transitions from suicide ideations to attempt 
whereas unemployment and low educational levels did not confer 
any significant increases in suicide attempts (18). In addition, 
contradictory results were reported by Lukaschek et al. (19) who 
failed to find a significant effect of unemployment on suicides 
among in-patients in six German psychiatric hospitals. Regarding 
in-patient samples, it is important to note that these are not 
necessarily representative of all individuals that die by suicide. 
The findings by Chan et al. (18) and Lukaschek et al. (19) might 
possibly not apply to suicide in general.
Low SES does not increase suicide risks per se. On the one 
hand, there exist links of SES and psychopathology (20–23). On 
the other, quantitative meta-studies reveal associations of mental 
disorders and suicide (24, 25), avoiding the methodological 
problems of psychological autopsy (26). These findings suggest 
mental-ill health as a possible mechanism that links low SES 
levels to increases in suicide risks, allowing for causality in 
two directions. While poor mental health may be triggered 
by low SES, low SES may also represent the consequence of 
psychopathology. Several longitudinal studies investigating both 
explanatory approaches suggest an interaction of mental health 
and SES over the life course of individuals (27, 28).
Exploring potential mechanisms that explain SES effects on 
suicide does not lie within the scope of this study. In order to 
inform public health policies, we tested the hypothesis that lower 
levels of contemporary SES are correlated with higher suicide 
rates (Hypothesis I).
Our second hypothesis relates suicides to social isolation (SI). 
We define SI as a lack of social network quality. In this context, 
social network quality itself is understood as the extent to which 
existing ties provide the resources an organism can draw on 
in order to achieve its life goals (29). SI possibly acts as a root 
cause for feelings of thwarted belongingness. In combination 
with perceived burdensomeness, thwarted belongingness is seen 
as critical to the development of suicide ideation in Joiner’s (30) 
psychological model of suicide. This, in turn, leads to increased 
suicide risks in individuals. In accordance with the theory, the 
empirical evidence on links of SI with increased suicide risks is 
well established. Proxying for SI in a study incorporating 21,169 
suicides, a Danish study revealed associations of single marital 
status and suicide (31). These results have been confirmed in 
Sweden (32), the U.S. (33), Great Britain (34), Finland (35), 
Austria, Belgium, Denmark, Norway and Switzerland (36) 
and Canada (37). Likewise, Agerbo et al. (38) found a relation 
between increased risks of suicide and living alone as well as 
being divorced. Utilizing relocations as SI proxies, several studies 
found these to be associated with completed and attempted 
suicides in adolescents (39, 40) and elderly people (41, 42).
There exists a solid body of evidence on associations between 
SI and mental health outcomes (43–45). Again, this suggests 
psychopathology as a potential pathway through which SI affects 
suicidality. It is important to note, however, that individuals 
suffering from mental illness exhibit impairments in social 
functioning, which leads to a disruption of personal networks 
(46). For this reason, not only does SI possibly affect mental 
health but mental health also impacts on SI levels. As is the case 
with SES and mental health, associations between SI and mental 
health outcomes do not determine the direction of causality. 
While this needs to be addressed with additional studies 
allowing for causal conclusions, we tested the second hypothesis 
that higher levels of SI are associated with higher suicide rates 
(Hypothesis II).
Social support represents a substantial social network resource 
for individuals in order to cope with stressful life events (47, 48) 
and has been shown to moderate the impact of environmental 
conditions on symptoms of poor mental health (49–52). Effects 
of low SES should thus be aggravated in socially isolated 
individuals. Hence, we also evaluated if interactions between 
lower levels of SES and higher levels of SI are linked with higher 
suicide rates (Hypothesis III).
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For the observation period 1997 to 2010, data on suicides were 
obtained from the German death record edited by the federal 
statistical office (DESTATIS). The dataset lists all yearly German 
deaths by cause as coded by the ICD system (53, 54). With 
regard to these data, it is relevant that German data protection 
regulations do not permit individual level analyses. Hence, 
suicide deaths were examined as aggregated rates at the level of 
administrative districts. It needs to be considered in this respect 
that, after German reunification, extensive administrative reforms 
including new territorial definitions of district populations 
were implemented in Eastern Germany. Reformed areas were 
therefore grouped to greater regions such that they resembled 
the territorial status of the observation period’s last year, yielding 
a total of N = 390 districts. Non-reform-associated differences in 
district specific suicide rates are hereby properly identified.
In order to gain information on the socioeconomic conditions 
of district populations, the numerical identifiers of districts 
included in the record data were utilized to merge this dataset 
with the data provided by the German Microcensus. Based on 
a random household sample, the Microcensus is the official 
survey on living conditions in Germany. Selected respondents 
are legally bound to answer items on education, labor force 
participation, income, family and housing situation. As it can 
be inferred from Table 1, the survey’s population sample size is 
large enough to permit district level analyses: In all observation 
years but 2005, it corresponds to at least 0.74% of the population 
sizes in 95% of the districts. A drawback of the Microcensus is, 
however, that one quarter of the observation units is replaced 
every year. Periods longer than four years are thus not covered 
by panel data. In order to examine suicide deaths over a longer 
time frame, the employed dataset was constructed from annually 
repeated cross sections over the course of T = 14 years, i.e. N × 
T = 5,460 district observations.
Measures and Descriptive Statistics
We define suicide as coded by the ICD 9 categories E950–E959 
for 1997 and as the lethal consequence of intentional self-harm 
corresponding to the ICD 10 codes X60–X84 for the years from 
1998 onwards, respectively (53, 54). All 149,033 cases of suicide 
death according to this definition were extracted from the death 
record to calculate district specific suicide rates. The different 
coding categories introduced with the 10th ICD revision in 1998 
may be associated with structural breaks in reported suicide 
numbers and hence lead to biased estimates of suicide rates. To 
detect any of these breaks, yearly changes in suicide numbers per 
district were regressed on a dummy variable indicating the year 
of the ICD change controlling for district specific time trends and 
time fixed effects. As no significant results were found ICD 9 and 
ICD 10 codings of suicide are regarded as equivalent measures.
Because population structures vary over time and region, 
suicide rates were age- and gender-adjusted based on the 2013 
European standard population to ensure the comparability across 
all districts. The gender specific distribution of district suicide 
rates over time can be inferred from Table 2. An illustration of 
the spatial distribution of the observation period means of the 
adjusted district suicide rates is provided by Figure 1.
Furthermore, as can be seen from Figure 2, the yearly means 
of the adjusted district suicide rates in Germany declined between 
the years from 1997 to 2010. Potential reasons for this consist in 
better help seeking behaviors and treatments of patients suffering 
from mental illness, better training of physicians to recognize 
suicidal behavior and the set up of intervention programs at 
community levels (55). In order to permit the identification of 
changes in suicide rates associated with SES and SI, this general 
linear downward trend in the data was accounted for by including 
a variable indicating the observation year in the models.
SES was operationalized employing measures for educational 
achievements, occupational status and log income. Educational 
achievements were quantified according to the scheme provided 
by the “Comparative Analyses of Social Mobility in Industrial 
Nations (CASMIN)” (56). The CASMIN scheme constitutes 
an internationally comparable measure that distinguishes 
hierarchical educational classes constructed from combinations 
of school and vocational degrees. The classes reach from 1a 
(inadequately completed general education) to 3b (higher 
tertiary education) and represent the boundaries of the respective 
country’s educational system on the one hand and differentiate 
between required educational levels for certain labor market 
positions on the other (57).
The “International Socio-Economic-Index of Occupational 
Status (ISEI)” (58) was applied for the measurement of 
occupational status. This index relies on a continuous scoring 
system with values ranging from 16 (low Status) to 85 (high 
status). For unemployed individuals, scores of the last occupation 
were utilized. Beyond that, unemployment and, as it is not 
included in the ISEI scheme, minor employment were recorded 
in own variables and included in the analysis.
TABLe 1 | Summary of microcensus sample sizes per district by year.
Year Mean Min. Max. 5th Perc. of % 
Dis. Pop.
1997 4,694 305 31,233 0.78
1998 4,640 315 30,381 0.77
1999 4,568 325 29,720 0.76
2000 4,480 322 29,034 0.74
2001 4,473 343 28,732 0.74
2002 4,420 347 28,604 0.75
2003 4,429 328 28,580 0.75
2004 4,403 321 28,491 0.74
2005 4,295 292 27,795 0.59
2006 4,337 332 28,130 0.74
2007 4,207 318 27,034 0.74
2008 4,243 323 27,298 0.75
2009 4,285 320 27,675 0.77
2010 4,256 297 27,369 0.76
Min., Minimum; Max., Maximum; 5th Perc. of % Dis. Pop.: 5th Percentile of 
Percentage of District Population.
Source: German Microcensus & Area Population Numbers of Germany, 1997 to 
2010 - ed.by the German Federal Statistical Office (DESTATIS), own calculations 
were performed with STATA 15.0.
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As another significant component of SES, we calculated 
the log of the equivalent household income from the income 
variables provided by the Microcensus. The highest psychosocial 
distress should result from the lowest SES conditions. In order 
to proxy especially for these situations, two variables indicating 
the receipt of social benefits due to unemployment (“ALG I/II” 
in Germany) and the number of received public transfers were 
added to the models, too.
Similar to previous studies, SI was proxied with two variables 
on single marital status and living in a one-person-household and 
a dummy variable recording a possible relocation throughout the 
year before the survey was conducted (“Moved last Year”). Being 
divorced or widowed was considered as having a single status in 
this context.
Age categories as provided with the European standard 
population were employed for the standardization of suicide rates. 
In order to control for exponentially increasing suicide risks with 
age in Germany (59) and continuous age effects, we therefore added 
continuous measures of age and age squared from the register dataset 
as controls. Table 3 summarizes all independent variables over time.
Finally, values of the ISEI, CASMIN and log income variables 
were inverted and mean-centered for the calculation of the 
proposed SES × SI interactions.
Methods
Combining individual and district level data for the estimation of 
SES and SI effects on suicide rates represents a source of ecological 
bias. The problem arises in aggregate data analysis if summary 
measures are employed to calculate effects on marginal outcomes. 
Distributions of summaries do not determine individual 
distributions. Because joint individual distributions have to be 
specified in order to identify effect parameters, however, estimates 
depending solely on aggregate data are potentially biased. A first 
related statistical problem is that, without further assumptions, 
applying summary measures does not identify the functional 
form of effects on the individual level. To see this, let:
 E y f π Xidt d idt( ) ( ),= + β  (1)
TABLe 2 | Summary of age and gender standardized district suicide rates by year and gender.
Year
Females Males
Mean S.D. Min. Max. Mean S.D. Min. Max.
1997 4.04 1.90 0.44 12.19 12.95 4.97 2.88 31.07
1998 3.65 1.75 0.54 11.95 12.49 4.42 3.07 31.52
1999 3.69 1.97 0.54 21.46 11.72 4.35 1.66 32.18
2000 3.61 1.80 0.29 11.63 11.69 4.20 2.50 28.06
2001 3.49 1.75 0.55 11.53 11.73 4.42 3.06 26.04
2002 3.47 1.70 0.56 10.87 11.50 4.48 2.87 37.37
2003 3.41 1.66 0.29 13.07 11.50 4.21 1.82 30.71
2004 3.25 1.91 0.00 17.61 10.71 3.77 0.00 28.58
2005 3.25 1.79 0.00 11.71 10.36 4.22 0.00 28.59
2006 2.99 1.71 0.30 11.25 10.04 3.83 2.44 33.44
2007 2.74 1.41 0.35 8.92 9.46 3.71 2.35 25.13
2008 2.97 1.70 0.36 11.96 9.54 3.93 1.43 34.26
2009 2.81 1.67 0.35 14.07 9.67 3.60 1.31 27.48
2010 3.00 1.70 0.42 13.13 9.95 3.56 2.74 29.47
Min., Minimum; Max., Maximum; S.D., Standard Deviation.
Source: German Death Record, 1997 to 2010 - ed. by the German Federal Statistical Office (DESTATIS), own calculations were performed with STATA 15.0.
FIgURe 1 | Observation period means of age- and gender-adjusted district 
suicide rates in Germany. The legend on the right hand side provides color 
codes for suicide rate values ranging from 8 (minimum) to 22 (maximum) 
per 100,000 inhabitants. Source: German Death Record, Area Population 
Numbers of Germany, 1997 to 2010, and 2013 European Standard 
Population - ed. by the German Federal Statistical Office (DESTATIS). Stata 
15.0 was used to perform own calculations and create this figure.
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where f (·) denotes a link function. yidt is a binary indicator 
variable, with yidt = 1 if individual i = 1,2,…,ndt commits suicide 
in district d = 1,2,…,N at year t = 1,2,…,T and yidt = 0 otherwise. 
Xidt is a row vector including the controls, the variables on SES 
and SI and, in order to test Hypothesis III, SES x SI interaction 
terms. β is a column vector with the respective parameters of 
interest. Further, πd represents the district baseline probability of 
suicides, for Xidt = 0. Given that data on suicides is only available 
as district specific rates, y n ydt dt i
n
idt
dt= ⋅ ∑− =
1
1 , effects of SES and SI 
can be estimated by the ecological model
 E f Xydt d dt( ) ( )= +π β  (2)
with X n Xdt dt i
n
idt
dt= ⋅ ∑− =
1
1 . As it can be seen from equations (1) 
and (2) the functional form of individual level effects is only 
correctly specified if f (·) is assumed to be linear and completely 
additive in all of its arguments. It follows in any other case that 
n f X f Xdt i
n
d idt d dt
dt−
=⋅ ∑ + ≠ +( )1 1 ( )π β π β . With regard to this, we 
therefore apply the aggregate data method firstly introduced by 
Prentice and Sheppard (60). Accordingly, the following equation 
is being estimated, normalizing the district specific standardized 
suicide rate rdt by taking its log:
 





d idt t dt
dt
dt






π β ν κ
κ ρ τdt dt+ ε ,
 (3)
with an identity link f (·) and a variance fraction ρ. The spatial 
contiguity matrix W accounts for a spatial correlation of error 
components τdt among neighboring districts due to omitted 
district level variables. Spatial correlation effects may result in 
biased estimates of suicide rates, e.g. if individuals commute 
between districts that differ in one or more of such unobserved 
traits. Further, ε εdt dt idt d tE X, ( | , , )π ν = 0 , denotes an idiosyncratic 
error that is strictly exogenous. As long as this assumption holds, 
it is also assumed that εdt has a constant variance across time, 
σe
2  i.e. no heteroskedasticity, and that the errors are not serially 
correlated, E dt dt s( )ε ε − = 0, for all t≠t-s. A last assumption that is 
being made is that there is no multicollinearity in the data.
The model specification as defined in (3) also considers two 
further potential estimation biases: First, another difficulty in 
assessing suicide rates with combined aggregate and individual 
data is that marginal distributions may designate district 
properties only. In this case, observed effects do not reflect 
any individual characteristics but rather shifts in suicide rates 
that depend solely on district assignment. This possibility is 
avoided though if we assume the district specific suicide rates 
to be independent of each other because this rules out any 
unobserved time-constant district heterogeneity. Hence, the 
baseline probability πd is defined as a district fixed effect in (3). A 
second problem has its roots in the time dimension of the data. 
FIgURe 2 | Yearly means of age- and gender-adjusted district suicide rates in Germany. Suicides per 100,000 inhabitants shown on the y-axis, observation years shown 
on the x-axis. Source: German Death Record, 1997 to 2010 - ed. by the German Federal Statistical Office (DESTATIS), STATA 15.0 was used to create this figure.
TABLe 3 | Independent variables.
Variable Mean S.D. N
ISEI 42.60 15.73 4,598,937
CASMIN 3.40 2.16 7,873,911
No. Public Transfers 0.24 0.51 9,923,291
Age 53.93 4.07 7,324,663
Median I.Q.R. N
Income (household equiv.) 1230.77 1043.71 9,239,242
% S.D. (in %) N
Minor employment 4.00 19.50 7,646,280
Unemployment 4.96 21.71 9,941,490
ALG I/II 4.64 21.03 9,941,494
Moved last year 6.92 25.39 6,438,498
Single 51.88 49.96 9,941,494
One-person-household 17.54 38.03 9,836,123
Gender (male) 73.44 8.78 7,324,663
S.D., Standard Deviation; I.Q.R., Interquartile Range
Source: German Microcensus & Death Record, 12997 to 2010 – ed. by the 
German Federal Statistical Office (DESTATIS), own calculations were performed 
with STATA 15.0.
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Suicide rates may change because of events that commonly affect 
all individuals across all districts at a certain time t. These events, 
i.e. exogenous shocks, represent a source of unobserved district-
constant heterogeneity, which causes an additional estimation 
bias. This bias is accounted for by including a time fixed effect 
νt in (3). This prevents any event at t distorting the estimates of 
suicide risks in the same period.
Generally, the linear specification of f (∙) greatly simplifies 
the procedure and allows us to employ the quasi-maximum-
likelihood fixed effects estimator for longitudinal spatial error 
models (SEM) developed by Lee and Yu (61) in order to fit (3).
The models’ residuals were tested for autocorrelation and no 
autocorrelation was detected by Wooldridge’s autocorrelation test 
(62), F(1,389) = 1.923 (p > F = 0.166). Moreover, Wald tests were 
conducted for stepwise model selection based on a basic fixed 
effect (FE) estimation of (3).
Rather than defining fixed effects, an alternate specification rests 
on the assumption of πd as a random effect with E(πd ǀ Xidt,vt) = 0. 
Consequently, a random effects estimator (RE) is then applied to 
(3). In order to compare both estimation strategies a Hausman 
test (63) was conducted. The results indicate that the fixed effects 
model is to be preferred over the random effects model, χ2 = 
365.28 (p > χ2 = 0.000). For a further specification test, it was also 
taken into account that current suicide rates may be influenced by 
accumulated effects of past levels of SES and SI. We estimated a 
corrected least squares dummy variable model (LSDVC) (64, 65) 
including Koyck lags (66) of all independent variables in order 
to assess long run SES and SI effects on suicide rates. The model 
yields a mean time of only 1.2 months after which suicide rates are 
affected by changes in SES and SI levels. Given this high adjustment 
rate of the model, past SES and SI levels barely contribute to current 
suicide rates. See the Supplementary Material for the results of 
the additional analyses.
Limitations
The specification of our model takes account of the functional 
form of SES and SI effects on the individual level and rules out 
the estimation of any effects that depend entirely on district 
assignment. It does not address a further problem associated with 
ecological data analysis, however. Because of the information 
on joint distributions lost due to the aggregation of suicides in 
district rates, effects of district SES and SI compositions cannot 
be differentiated from individual level SES and SI effects. The 
estimated coefficients rather represent a blend of individual 
level and district composition effects (67). Thus, individual level 
effects are only identified under the untestable assumption that 
there exist no compositional effects. This assumption is not being 
made in this study. Since they potentially include individual level 
effects, significant results are rather regarded as indications for 
further research. As an additional problem, this also implies that 
the equations do not identify true treatment effects. Hence, our 
FE specifications do not reveal causal effects even though they 
rule out unobserved heterogeneity.
Furthermore, SI should be measured by indicators of social 
network quality. Such indicators are not available in the data. 
One-person-households and single marital status were therefore 
used as proxies for SI based on the assumption that both variables 
are associated with a comparatively lower social integration. It 
should be acknowledged, however, that one-person-households 
and single status are related to each other and, for this reason, 
might be correlated as well.
ReSULTS
Table 4 shows the results from the SEM estimation. As can be 
seen, district suicide rates decrease by −0.39% (p < 0.028) with 
every percentage point increase in incomes, assuming mean 
sizes of district proportions of singles, individuals living in one-
person-households and persons who moved during the year 
before suicide. Further, an increase in district unemployment 
proportions by 1% leads to an 1.20% increase (p < 0.035) in 
district suicide rates. Contradicting these results however, it is 
observed that, given mean district shares of singles, relocated 
persons and one-person-households again, a 1% increase in 
CASMIN scores results in an increase of suicide rates by 0.98% 
(p < 0.021).
TABLe 4 | SEM longitudinal regressions of district suicide rates on SES and SI.
Spatial error Model





ISeI 0.1 (−0.93, 1.14) (1.000)
CASMIN 0.98 (0.09, 1.88) (0.021)
Income −0.39 (−0.76, −0.03) (0.028)
Minor employment −0.46 (−1.45, 0.54) (1.000)
Unemployed 1.20 (0.04, 2.38) (0.035)
No. Public Transfers 11.98 (−19.66, 56.09) (1.000)
ALG I/II 0.06 (−0.80, 0.92) (1.000)
SI
Moved last Year −2.13 (−3.52, −0.72) (0.000)
Single 0.46 (−0.42, 1.35) (0.639)
One-Person-household 1.65 (0.09, 3.23) (0.033)
SES × SI Interactions
ISEI (inv.) × Single 0.27 (−0.73, 1.28) (1.000)
CASMIN (inv.) × Single −0.96 (−2.16, 0.26) (0.297)
Income (inv.) × Single 0.54 (0.01, 1.07) (0.036)
ISEI (inv.) × One-Person-Household −1.15(2.34, −0.05) (0.072)
CASMIN (inv.) × One-Person-Household −0.72 (−2.43, 1.03) (1.000)
Income (inv.) × One-Person-household −0.98 (−1.79, −0.17) (0.009)
ISEI (inv.) × Moved last Year −0.29 (−2.37, 1.84) (1.000)
CASMIN (inv.) × Moved last Year 3.52 (1.20, 5.91) (0.000)
Income (inv.) × Moved last Year 0.15 (−0.63, 0.93) (1.000)
Observations 5070
The table reports percentage changes of rdt with Bonferroni corrected 95% 
confidence intervals in square brackets and Bonferroni corrected p-values in 
parentheses. Control variables are not shown. Results significant at α = 0.05 are 
printed in bold. “inv.” is abbreviated from inverted.
Source: German Microcensus & Death Record, 1997 to 2010, & 2013 European 
Standard Population - ed. by the German Federal Statistical Office (DESTATIS), 
own calculations were performed with STATA 15.0.
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Mean values of ISEI, CASMIN and income presumed, a 
percentage point increase in district population shares of people 
living in a one-person-household is shown to be associated 
with an increase in district suicide rates by 1.65% (p < 0.033). 
An increase in persons moving throughout the last year by 1% 
is found to decrease suicide rates by −2.13% (p < 0.000), though.
Regarding interactions of SES and SI, a 1% decrease in the 
incomes of the respective district’s single persons increases 
district suicide rates by 0.54% (p < 0.036). In addition to this, 
a decrease in CASMIN scores among individuals with a recent 
relocation of 1% is associated with an increase in suicide rates 
by 3.52% (p < 0.000). By contrast, a 1% decrease in the incomes 
of district individuals living in one-person-households results in 
a −0.98% decrease in suicide rates (p < 0.009).
DISCUSSION
In light of these results, an inverse relation between SES and 
suicide rates as claimed by Hypothesis I is partly confirmed by 
the observed unemployment and income effects. This finding is 
contradicted by the observation that suicide rates increase with 
increases in CASMIN scores, however. Due to the employed 
aggregate data, a reasonable explanation for this finding may 
exist in district compositions: Average CASMIN levels have 
been steadily increasing over the entire observation period 
in Germany (68). Given that the specification of our model 
does not allow to differentiate between effects of individual 
characteristics and district composition, it can not be excluded 
by the observed positive effect that the corresponding individuals 
boast disproportionally low suicide risks. The same reasoning 
applies to the results in line with Hypothesis I: Given the data, 
our model specification does not rule out disproportionally low 
suicide numbers among unemployed individuals and persons 
with lower household incomes as compared to employees and 
individuals with higher incomes.
With regard to SI effects on suicide, the coefficient estimates of 
the district proportion of persons living in one-person-households 
partly validate an inverse relation between SI and suicide rates as 
stated by Hypothesis II. This result also confirms Agerbo et al.’s (38) 
findings. As these observations represent compound individual 
and district composition effects, it needs to be noted that our results 
do not eliminate the possibility that the concerning individuals 
show lower suicide risks if compared to persons who live in more-
than-one-person-households. Vice versa, this is also valid for 
the negative effects on suicides found for district share increases 
of individuals moving throughout the year preceding suicide, 
contradicting Hypothesis II: At the district level, high resident 
turnover rates prevailing in areas with relatively low suicide rates, 
e.g. rural regions (69, 70), provide a potential explanation for this 
observation. This does not preclude higher suicide risks among 
moving as opposed to non-moving individuals, though.
Moreover, the positive effects of income decreases in population 
shares of single persons on district suicide rates corroborate the SES × 
SI interactions proposed by Hypothesis III. Another confirmation is 
suggested by the estimate that shows an increase in suicide rates to 
be associated with CASMIN score decreases in persons who moved 
during the past year. On the contrary, the observed negative effects 
on suicides of decreases in household incomes of the districts’ 
persons living in one-person-households clearly contradict the 
claimed interactions. Once more compositional effects may be a 
possible reason for the inconsistent observations. Thus, it cannot 
be ruled out that individuals living in one-person-households who 
committed suicide show comparatively low income levels. This may 
hold even true if the means of the respective marginal distributions 
increase with ascending suicide rates across N × T = 5,460 district 
observations. The same argument applies to the findings confirming 
Hypothesis III: Incomes in single persons and CASMIN scores in 
relocated individuals might increase in districts with ascending 
suicide rates considering the aggregate data employed in this study.
In view of the inconsistent results regarding Hypotheses I 
to III, it is generally recommended that future studies should 
incorporate individual level data in order to separate individual 
level from district composition effects and further investigate 
the robustness of our observations. Nonetheless, the results 
demonstrating positive SES and SI effects on suicide rates serve 
as appropriate starting points for the development of suicide 
prevention strategies: First, our findings suggest interventions 
to especially target the unemployed, individuals living in one-
person-households, persons with low incomes and relocated 
individuals with lower educational levels. In a second step, 
specific strategies should be designed in order to cover the needs 
of the individuals under concern. In order to do so, future work 
should focus on the causal mechanisms resulting in suicidality. 
This is best accomplished by applying longitudinal data and 
modeling life course interactions of adversities and mental 
health. Depending on the results, respective programs may then 
include alliances between psychiatric centers and welfare offices 
lowering the threshold for unemployed and poorly earning 
individuals to seek counseling and treatment. For socially 
isolated individuals, effective interventions may encompass 
approaches aiming at the conditions that favor social isolation 
within local communities. Respective strategies could also 
involve the strengthening of communal support systems as well 
as the improvement of transport services and communication 
technologies. In addition to this, direct interventions may be 
established that help individuals in maintaining or developing 
interpersonal connections (71).
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With yearly rates ranking clearly above world average in Europe, suicide constitutes a substan-
tial public health problem. Because of that, prevention has become a major concern for German
mental health institutions. A requirement for successful prevention strategies is to address all key
factors that contribute to suicidality. It is highly relevant in this respect that suicidal behaviour
itself exhibits a social gradient: drawing on the relevant literature, low socioeconomic status (SES)
and a high extent of social isolation (SI) are related to increased suicide risks (Lorant et al. 2005;
Li et al. 2011; Qin et al. 2003; Agerbo et al. 2007). The purpose of this study was therefore to add
to these ndings and to further investigate associations of SES and SI with suicide in order to de-
ne starting points for public health interventions. It was consequently hypothesized that lower
individual levels of SES and higher individual levels of SI are correlated with increased suicide
rates. SI potentially compromises the perception of social support in stressful live events associ-
ated with low SES (Cohen et al. 2006; Kumari et al. 2010). Since such life events correlate with
suicidal behavior (Beautrais et al. 1997; Cohen et al. 2019), the eects of low SES were further
23
2 Summary
hypothesized to be aggravated in individuals with high SI levels (SES × SI interaction).
In order to test the hypotheses, all 149.033 suicide deaths between 1997 and 2010 (T = 14
years) were extracted from the ocial German death record as coded by ICD categories E950 -
E959 for 1997 and X60 - X84 for the years from 1998 onwards, respectively. Information on SES
and SI was gained by merging the dataset with Germany’s main household survey, i.e. the Mi-
crocensus. In accordance with the existing literature, established indexes on occupational status
(ISEI, Ganzeboom & Treiman 1996) and educational achievements (CASMIN, König et al. 1988)
were applied as well as items on income, minor employment, unemployment, the number of re-
ceived public transfers and the reception of social benets due to unemployment (ALG I/II) in
order to capture SES. SI was proxied with variables measuring single marital status, living in a
one-person-household and relocations throughout the year before the survey was conducted.
Due to German data protection regulations that do not permit the analysis of death record data
based on individual level information, suicide deaths were examined as aggregated rates at the
level of N = 390 administrative districts. In order to deal with two problems associated with this
kind of statistical analysis, Prentice and Sheppard’s model for aggregate data (1995) was applied
accounting for potential estimation biases due to dierences in baseline suicide rates between
districts and between time periods. The model specication further corrected for spatial eect
correlations. An important limitation to this procedure is that the estimates represent a blend
of eects at the individual and district levels. However, an adequate solution is only available
through the application of individual level data.
The statistical analysis turned out the following results: The positive eect on suicide rates of
unemployment and the negative eect of income as two out of seven SES proxies and the positive
eect of living in a one-person-household as one out of three SI proxies validate the proposed
hypotheses on the relations of SES and SI with suicide rates. Conrming the hypothesis on SI
mediating SES eects, the model revealed positive eects on suicide rates of income decreases in
single individuals. Likewise, we observed positive eects on district suicide rates for decreasing
levels of CASMIN in district population shares who had relocated throughout the past year. In
contradiction to the theoretical claims, however, increases in CASMIN scores were found to result
in positive eects on suicide rates just as a history of relocation prior to suicide was related to
decreasing suicide rates. Furthermore, decreases in income were found to result in negative eects
on suicide rates in the district population of persons living in a one-person-household.
The results indicating associations of SES and SI with increases in district suicide rates repre-
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sent appropriate starting points for the denition of suicide prevention strategies. Thus, partic-
ularly the unemployed, individuals with low incomes, persons living in one-person-households
and relocated individuals with lower educational levels should be targeted by public health inter-
ventions. Moreover, the observations of the present study clearly demonstrate the signicance
of longitudinal individual level data for public health policies. Respective research incorporating
such data would permit a better understanding of the causal mechanisms resulting in suicidality
and help to further investigate the robustness of the shown results. By this means, prevention
strategies could be better adapted to the specic needs of the individuals under concern. Regard-
ing the ndings contradicting the theoretical claims, it needs to be mentioned that associations
of low SES and high SI levels with increases in suicide risks can not be ruled out at the individ-
ual level. Rather, the observed inconsistent eects might be attributable to dierences in district
compositions than to dierences in characteristics of the respective subjects. Also a statistical
separation of compositional eects from eects of individual traits would be made possible by
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Supplementary Materials - Further Statistical Tests & Models
Structural Breaks in Suicide Numbers
Following Maag (2008), structural breaks in reported suicide numbers due to ICD revisions can
be detected given:
∆ydt = ϕzt + νt + tγd + ηdt , (1)
where ∆ydt = ydt − ydt−1. t represents the year, d the district and νt a time xed eect. tγd is a
district specic time trend. Further, the dummy zt indicates the year of the ICD revision. An error
is given by ηdt ∼ N (0,σ 2η ). According to this specication, the coecients ϕ identify an eect that




ϕ [95% - CI] p-value
Year of ICD Revision -0.38 [-0.87, 0.12] (0.14)
N 5070
Notes: 95% condence intervals are shown in square brack-
ets, p-values in parentheses. Results signicant at α = 0.05
are printed in bold.
Source: German Death Record, 1997 to 2010 - ed. by the
German federal statistical oce (DESTATIS), own calcula-
tions were performed with STATA 15.0.
Table 1: POLS Regression of yearly changes in suicides per district
Table 1 shows the result of a pooled ordinary least squares (POLS) estimation of equation
(1). The year of the ICD revision has no signicant eect on changes in reported suicide numbers.
Therefore, the codings of ICD versions 9 and 10 can be combined into a single measure of suicides.
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Age- and Gender-Adjustment of District Suicide Rates















d , t , a andд refer to district, time, age and gender-stratum,y is the number of suicides, p and pe are
the raw and European standard populations. Age-strata were generated by grouping all ages <
10 years, 5 age years consecutively > 10 years and all ages > 75 years, resulting in 15 age groups.
Alternate Model Specications
Basic Fixed Eects (FE) Model
Table 2 below reports the results of a Fixed Eects (FE) estimation of equation (3) in the original
publication without a spatial error term. Wald tests were conducted in order to asses the joint
signicance of variable groups. As it is shown, only the SI variables Moved last year, Single
and One-Person-Household were not jointly signicant. Since these represent the main interest
variables, however, it was decided to keep these in the model. The FE model yields eects sizes
comparable to the Spatial Error Model (SEM) estimates presented in the original publication. In
contrast to the SEM specication, eects of singles’ incomes on suicide rates are signicant at
α = 0.1 while the general income eect is not signicant (p < 0.154).
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FE - ln Suicide Rate
% - Change [95% - CI] p-value
SES I - FWald (d f 389) = 3.31; p > FWald = 0.02
ISEI 0.00 [-0.96, 0.97] (1.000)
CASMIN 1.24 [0.37, 2.11] (0.000)
Income -0.3 [-0.65, 0.05] (0.154)
SES II - FWald (d f 389) = 3.38; p > FWald = 0.01
Minor Employment -0.29 [-1.26, 0.69] (1.000)
Unemployed 1.59 [0.45, 2.74] (0.000)
No. Public Transfers 6.35 [-23.72, 48.27] (1.000)
ALG I/II -0.11 [-0.96, 0.75] (1.000)
SI - FWald (d f 389) = 1.94; p > FWald = 0.12
Moved last Year -1.39 [-2.75, -0.01] (0.048)
Single 0.19 [-0.68, 1.07] (1.000)
One-Person-Household 1.58 [0.04, 3.13] (0.042)
SES × SI Interactions - FWald (d f 389) = 2.73; p > FWald = 0.004
ISEI (inv.) × Single 0.34 [-0.59, 1.27] (1.000)
CASMIN (inv.) × Single -0.71 [-1.87, 0.46] (0.846)
Income (inv.) × Single 0.62 [0.1, 1.14] (0.09)
ISEI (inv.) × One-Person-Household -0.69 [-1.83, 0.47] (0.882)
CASMIN (inv.) × One-Person-Household -0.33 [-1.98, 1.34] (1.000)
Income (inv.) × One-Person-Household -1.19 [-1.97, -0.41] (0.000)
ISEI (inv.) ×Moved last Year -0.9 [-2.94, 1.19] (1.000)
CASMIN (inv.) ×Moved last Year 2.93 [0.73, 5.19] (0.000)
Income (inv.) ×Moved last Year 0.25 [-0.49, 0.99] (1.000)
Observations 5266
AIC 1228.3
Notes: The table reports percentage changes of rdt with Bonferroni corrected 95% condence
intervals in square brackets and Bonferroni corrected p-values in parentheses. Control vari-
ables are not shown. Results signicant at α = 0.05 are printed in bold. The results of Wald
joint signicance tests are indicated above the corresponding variable groups.“inv.” is abbrevi-
ated from inverted.
Source: German Microcensus & Death Record, 1997 to 2010, & 2013 European Standard Popu-
lation - ed. by the German Federal Statistical Oce (DESTATIS), own calculations were per-
formed with STATA 15.0.
Table 2: FE Regressions of ln District Suicide Rates on SES and SI
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Corrected Least Square Dummy Variables (LSDVC) Model
The observation year provided, xed eects and spatial error models allow for the estimation of
contemporary SES and SI eects, only. In order to assess the impact of past SES and SI levels on
current suicide rates, a model including lagged values ofXidt needs to be specied. A parsimonious
method in this regard is the Koyck model (1954). Accordingly, we rstly assume that all eects
of SES and SI on suicide decline by the same constant rate |λ | < 1 over time. This is reected in
any of the corresponding model’s coecients with lag length s such that βs = β0λs . The Koyck
method has the advantage that arbitrary choices of lag length are avoided because it allows for an
innite number of lags: Using Prentice and Sheppard’s approach (1995) and adding lagged values
of the independent variables, let3








βsXidt−s) + δdt , (3)
with a district baseline probability µd , an idiosyncratic error δdt and an identity function f (·). The
long run accumulated eect of SES and SI levels on suicide rates β∗ =
∑∞
s=0 ∂ln(rdt )/∂Xidt−s =∑∞
s=0 βs can be obtained after applying the following transformation to (3): Firstly, see that if (3)









βs−1Xidt−s−1) + δdt−s−1 (4)









λβs−1Xidt−s−1) + λδdt−s−1, (5)
and subtract (5) from (3). Subsequent rearranging yields:





f (πd + β0Xidt ) + νt + ϵdt , (6)
where πd = µd − λµd and ϵdt = δdt − λδdt−1. For the reasons stated in the main article there are
also xed eects πd and νt included. Note now that β∗ entails a geometric series that converges to
β0/1−λ. By this means, the long run estimate β̂∗ can be calculated from the estimated coecients
β̂0 and λ̂. Estimating long run eects, it needs to be considered that β̂∗ does not provide any
information on how long suicide rates take to adjust to changes in Xidt−s . In fact, the impact
3Please refer to the original publication for an explanation of all the variables included in the equations.
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of past values of Xidt on suicides decreases with the adjustment rate of the model, that is past
levels of SES and SI contribute only little to β∗ at high adjustment speeds. In order to assess the





∗ = λ/1 − λ, see also Koyck (1954).
(6) is being estimated by rstly dierencing out the xed eects. As a result of applying this
method it should be pointed out that the error term of the demeaned equation will be correlated
with its lagged dependent variable regressor (Nickell 1981). The resulting bias is shown to decrease
with an increasing time dimension of the panel as N → ∞. Concerning the data utilized for
this study, Monte Carlo simulations (Judson & Owen 1999) suggest that T = 14 time periods
are to few in order to ignore the bias. Applying the standard FE estimator would therefore turn
out inconsistent results. Thus, the Corrected Least Square Dummy Variable (LSDVC) estimator
derived by Kiviet (1995) and Bun and Kiviet (2003) is applied to estimate (6).4
As can be seen from tables 3 and 4, the LSDVC model yields eects sizes comparable to the
SEM estimates presented in the original publication. The contemporary and long run eects of
income on district suicide rates are signicant at α = 0.1, as opposed to the SEM specication,
which turns out an income eect signicant at α = 0.05.
4FE and an OLS regression with district and time dummies are mathematically equivalent.
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LSDVC - ln Suicide Rate
% - Change [95% - CI] p-value
SES
ISEI -0.08 [-1.1, 0.96] (1.000)
CASMIN 1.3 [0.38, 2.23] (0.000)
Income -0.34 [-0.71, 0.02] (0.07)
Minor Employment -0.31 [-1.27, 0.66] (1.000)
Unemployed 1.55 [0.38, 2.74] (0.000)
No. Public Transfers 2.43 [-27.84, 45.38] (1.000)
ALG I/II -0.07 [-0.98, 0.86] (1.000)
SI
Moved last Year -1.45 [-2.85, -0.03] (0.042)
Single 0.35 [-0.54, 1.24] (1.000)
One-Person-Household 1.49 [-0.16, 3.18] (0.093)
SES × SI Interactions
ISEI (inv.) × Single 0.32 [-0.64, 1.29] (1.000)
CASMIN (inv.) × Single -0.77 [-2.01, 0.48] (0.702)
Income (inv.) × Single 0.55 [0.00, 1.09] (0.045)
ISEI (inv.) × One-Person-Household -0.83 [-2.04, 0.4] (0.558)
CASMIN (inv.) × One-Person-Household -0.43 [-2.18, 1.35] (1.000)
Income (inv.) × One-Person-Household -1.042 [-1.88, -0.2] (0.009)
ISEI (inv.) ×Moved last Year -0.920 [-3.17, 1.39] (1.000)
CASMIN (inv.) ×Moved last Year 3.33 [0.97, 5.75] (0.000)
Income (inv.) ×Moved last Year 0.0550 [-0.74, 0.85] (1.000)
ln Suicide Rate - 1st lag 0.09 [0.06, 0.12] (0.000)
Observations 4970
AIC 1139.2
Notes: The table reports percentage changes of rdt with Bonferroni corrected 95% condence
intervals in square brackets and Bonferroni corrected p-values in parentheses. Control vari-
ables are not shown. Results signicant at α = 0.05 are printed in bold.“inv.” is abbreviated
from inverted.
Source: German Microcensus & Death Record, 1997 to 2010, & 2013 European Standard Popu-
lation - ed. by the German Federal Statistical Oce (DESTATIS), own calculations were per-
formed with STATA 15.0.
Table 3: LSDVC Regressions of ln District Suicide Rates on SES and SI
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Long Run Eects LSDVC - ln Suicide Rate
% - Change [95% - CI] p-value
SES
β̂∗ISEI -0.08 [-1.21, -0.08] (1.000)
β̂∗CASMIN 1.43 [0.42, 2.45] (0.000)
β̂∗Income -0.34 [-0.78, 0.02] (0.07)
β̂∗
Minor Employment
-0.34 [-1.39, 0.73] (1.000)
β̂∗Unemployed 1.7 [0.41, 3.02] (0.000)
β̂∗
No. Public Trans f ers
2.67 [-30.15, 50.92] (1.000)
β̂∗
ALG I/I I
-0.07 [-1.08, 0.94] (1.000)
SI
β̂∗Moved last Year -1.59 [-3.13, -0.04] (0.042)
β̂∗
Sinдle
0.38 [-0.6, 1.37] (1.000)
β̂∗
One−Person−Household
1.64 [-0.18, 3.49] (0.093)
SES × SI Interactions
β̂∗
ISEI (inv .) × Sinдle
0.35 [-0.71, 1.42] (1.000)
β̂∗
CASMIN (inv .) × Sinдle
-0.85 [-2.21, 0.53] (0.702)
β̂∗Income (inv .) × Sinдle 0.6 [0.00, 1.2] (0.045)
β̂∗
ISEI (inv .) ×One−Person−Household
-0.91 [-2.24, 0.45] (0.558)
β̂∗
CASMIN (inv .) ×One−Person−Household
-0.48 [-2.39, 1.48] (1.000)
β̂∗Income (inv .) ×One−Person−Household -1.04 [-2.07, -0.22] (0.009)
β̂∗
ISEI (inv .) ×Moved last Year
-1.01 [-3.49, 1.53] (1.000)
β̂∗CASMIN (inv .) ×Moved last Year 3.67 [1.06, 6.36] (0.000)
β̂∗
Income (inv .) ×Moved last Year
0.06 [-0.81, 0.93] (1.000)
Mean Lag Time
λ̂∗ 0.1 [0.06, 0.13] (0.000)
Notes: The table reports percentage changes of rdt with Bonferroni corrected 95% condence
intervals in square brackets, except for λ̂∗ where it presents the mean lag time in years. Bonfer-
roni corrected p-values are shown in parentheses. Results signicant at α = 0.05 are printed in
bold. The CI are based on delta method approximated S.E.. “inv.” is abbreviated from inverted.
Source: German Microcensus & Death Record, Area Population Numbers of Germany, 1997
to 2010, & 2013 European Standard Population - ed. by the German federal statistical oce
(DESTATIS), own calculations were performed with STATA 15.0.
Table 4: LSDVC Regressions of ln District Suicide Rates on SES and SI - Long Run Eects
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